Effort to reduce the high dependence of farmers on inorganic fertilizers is introducing compost as soil conditioner. The objectives of this research are to create enriched granular-compost (EGC) and to test its effect on nutrient availability, plant growth, and grain yield in intensive farming systems. The research was conducted in two consecutive years (2011)(2012), consisting of three steps: production of EGC, incubation and field experiment. Incubation experiment was designed by randomized complete design with 5 treatments (control, 4, 6, 8, and 12 Mg ha -1 ), andthe design of field experiment was randomized block design with 7 treatments (control, inorganic fertilizer (IF), 25% EGC + 75% IF, 50% EGC + 50% IF, 75% EGC + 25% IF, 100% EGC + 100% IF and 100% EGC). The results showed that application of EGC increased total-N and P-available 12.5% and 33% respectively on the 10 th day after incubation. The highest grain yield (6.13 Mg ha -1 ) was gained from the application of 100% EGC + 100% IF. The productivity of rice is closely related to the number of productive panicles per plant (r = 0.507*) and percent of filled grain (r = 0.685*).
INTRODUCTION
The areas of paddy field in Indonesia increased from 10.28 million ha in 1991 to 11.40 million ha in 2006 (approximately 1.12 million ha) to fulfill the demand of rice (Wurjandari and Syam, 2007) . The expansion of paddy field impact on fertilizer demand. Increasing fertilizer application not only took place in Indonesia but also worldwide. In general, the mineral fertilizer used worldwide increases annually about 1.7% from 2007/2008 to 2011/2012 as 15 Mg, in which approximately 69% of it took place in Asia (FAO, 2008; Naher et al., 2011) . In addition, from 1975 to 2005 the fertilizer (Urea, AS/ZA, TSP/SP36, and KCl) demand in Indonesia increased 5.04 million ton (Wurjandari and Syam, 2007) . Rochayati and Husnain (2010) reported that fertilizer demand for rice cultivation in Indonesia increased approximately 1.2 million ton from 1990 to 2005. As a consequence, the price of chemical fertilizer tends to increase and many farmers in Indonesia face difficulty in getting it.
Intensive rice farming systems depend on nutrient input not only to replenish nutrient which is taken by plant but also to maintain soil fertility. Dobermann and Fairhust (2000) noted that to produce one ton of rough rice caused loss of 16-19 kg of N, 2.5-3.5 kg of P, and 19-25 kg of K from soil. Referring to the regulation of the Indonesian Agricultural Ministry (2007), fertilizer recommendations on paddy field at location with low productivity (< 5 Mg ha -1 ) and nutrient status of low P and K were 200 kg ha -1 Urea, 100 kg ha -1 SP-36, and 100 kg ha -1 KCl respectively. In fact, success in improving rice production in Indonesia through the implementation of green revolution since 1960's led to very high dependence of farmers on inorganic fertilizers in intensive rice farming system, even its use is often excessive. However, since the1990's the rate of the increase in rice production and fertilizer use became imbalanced with a ratio of1:10. Many previous researchers showed that increases in fertilizer dose were closely related to rice production and grain quality (Cho et al., 2008) , but the application of excessive chemical fertilizer caused the increase of nutrient loss through leaching, run off, denitrification or volatilization that contribute to decrease environ-mental quality and soil degradation.
A continuous application of chemical fertilizer in intensive rice farming system impacted negatively on soil degradation, which is indicated by increase in soil bulk density, low soil N content because of leaching, volatilization, denitrification, and run off (Cho, 2003) . Many previous research were conducted to solve the problem such as deep placement of NPK fertilizers (Islam et al., 2011) , using plant growth promoting microor-ganism (Dobbelaere, Vanderleyden, and Okon, 2003) , and applying organic fertilizer (Lin et al., 2011) and compost (Zai et al., 2008) .
Among the management practices in the application of fertilizer to minimize nutrient loss and increase rice production is the use of organic fertilizers especially compost. Zahir et al. (2007) explained that composting have many benefits such as returning nutrients present in organic materials to the soil, managing large volumes of organic wastes in environmentally sound manners, controlling the undesirable features of organic materials (such as pathogen and odor), improving the organic matter status, soil health and physic-chemical properties of the soil, and supporting plant growth and crop productivity.
One of compost materials that is abundantly available is campus organic-waste. Therefore, this research was aimed to create enriched granular compost from campus organic waste combined with inorganic fertilizer and to test its effects on improvement of soil fertility, plant growth, and production in intensive rice farming system.
MATERIALS AND METHODS
This research was conducted in two consecutive years (2011) (2012) . The first step was focused on production of enriched granularcompost (EGC). In the second year, incubation and field experiment were conducted to test the effectiveness of EGC in releasing nutrient in order to increase soil fertility which finally would support crop productivity. Producing EGC and incubation experiments were done in Compost Supporting Unit (CSU) and Soil Chemistry Laboratory, Soil Science Department, Faculty of Agriculture, University of Brawijaya. Further-more, EGC was applied in rice cultivation in experiment field of Faculty of Agriculture University of Brawijaya, located in Kepuharjo village, Karangploso district, Malang regency, East Java, Indonesia.
Producing Enriched Granular-Compost (EGC)
This research was started by producing compost from campus organic waste, such as litter and grass. The steps of producing compost include: 1) collecting organic waste, 2) selecting material, 3) crushing the material and adding bioactivator (EM-4) to accelerate composting, and 4) composting. As much as 40 ml of EM-4 was mixed with 40 ml of molasses and 10 liters of water. This solution was introduced into 40 kg of organic waste. The humidity and temperature of composting were monitored every 5 days. Furthermore, all of the materials were covered by plastic to keep the heap warm and moist.The compost is usually mature for ±21 days indicated by no smell, black color, water content <30%, fine texture, and the heap temperature <30 0 C. After the compost was mature, the plastic cover was removed, then C-organic, N-total and pH compost were measured to record nutrient content in compost.
The activities of producing enriched granular-compost consist of: 1) grinding compost material (size < 3 mm), 2) enriching the compost material by adding 75 g of NPK fertilizers per kg compost material and making granular compost by using granulator, and 3) analyzing N, P, and K content of enriched granular-compost. The speed of granulator determined the size of enriched granularcompost.
Incubation Experiment
The incubation experiment was designed by randomized complete block design, which consisted of five treatments and two replications. The treatments were four dose levels of enriched granular-compost (EGC) : 1) control or no fertilizer (C), 2) 50% of optimum dose (OD) or equal to 4 Mg ha -1 (P1), 3) 75% of OD or equal 6 Mgha -1 (P2), 4) 100% of OD or equal to 8 Mgha -1 (P3), 5) 150% of OD or equal to 12 Mgha -1 (P4). Hairiah et al. (2000) reported that the optimum doses of organic matter to maintain soil organic matter at 2% content are 8 Mgha -1 of organic matter. It was used as a reference optimum dose in this research. The soil sample was taken from the top layer (0-20 cm) in experiment field, located in Kepuharjo village, which is classified as Inceptisol (Soil Survey Staff, 2010) . The soil sample was air dried for 2 weeks, grounded and sieved through 2 mm. 500 g of airdried soil were mixed with enriched granularcompost regarding each treatment in the plastic bag. Soil moisture was adjusted at approximately 90% of its field capacity. The soil sampling for laboratory analysis was conducted at 10, 20, and 30 days after incubation (DAI) to measure total N, P-available, and K-exchangable in soil.
Field Experiment
The field experiment was conducted from March to August 2012 in Kepuharjo village, Malang regency. The soil properties were characterized by pH (H2O) 6.3; pH (KCl) 5.2, soil organic matter content 2.47%, CEC 36.88 me 100g -1 , base saturation 47%, total N 0.15%, Pavailable 4.71 ppm, and K-exchangable 0.52 me 100g -1 . The experimental site has annual rainfall of approximately 1500 mm year -1 .
The design of this experiment was Randomized Block Design (RBD) with three replications and seven treatments. The treatments were: (1) (7) G: optimum dose (OD) of EGC (2 Mg ha -1 ). The optimum dose of enriched granular-compost tested in this research was 2 Mg ha -1 (Siavoshi et al., 2011) . The dose of inorganic fertilizer based on fertilizer recommendation (Urea, SP-36, and KCl) in paddy field from Indonesian Agricultural Ministry (2007) . Soil tillage and seeding were done at two weeks before transplanting. Rice seedlings (Ciherang variety) were transplanted at 14 days old in 25 cm x 25 cm spacing. Enriched granular -compost according to the treatment was applied at 5 and 20 days after transplanting (DAT).
Inorganic fertilizer following each treatment was applied three times, i.e. 10, 20, and 30 DAT.
Plant sampling in each treatment was randomly selected (3 plants m -2 per sub plot) to measure plant height, leaf number, tiller number per hill, and shoot biomass at 15, 30, 45, 60, 75 , and 90 DAT. The harvest samples were taken from 1 m 2 of sub plot to observe the number of panicles m -2 , number of productive tillers plant -1 , number of filled grains panicle -1 , percent of filled grains, 1000 grain weight (g), and grain yield (Mgha -1 ). Furthermore, at 60 DAT (end of vegetative phase) plant samples (leaf) were analyzed to measure the uptake of N, P, and K.
The collected data were subjected to analysis of variance using program of MS Excel to find the effect of the treatments on plant growth and yield (Gomez and Gomez, 2010) . The differences between mean values of each treatment was analyzed by Tukey's honestly significance difference (HSD) test with significance level at p<0.05. Correlation analysis was conducted to study which harvesting variables were closely related to grain yield.
RESULTS AND DISCUSSION

Nutrient Content in Compost and GranularEnriched Compost
The characteristics of the organic waste were slightly base (pH H2O 7.7 and pH KCl 7.4), total C 15.5 %, total N 1.54%, total P 0.78 %, total K 0.67%, and C/N ratio 10.In comparation, Tan (1993) reported that nutrient contents such as N, P, and K from chicken manure were 1.5%, 0.77%, and 0.89%, respectively, and the concentration of N, P, and K of cow manure was 0.65%, 0.15%, and 0.30% respectively. Therefore, the compost from campus organic waste contained higher total N and P than that of chicken and cow manure, but it had low K-value. Furthermore, the nutrient content (N, P, and K) in enriched-granular compost increased three fold higher than the common compost, i.e. total N 3.96%, total P 2.23%, and total K 3.51%. It showed that the enrichment of N, P, and K in enriched granular-compost was proven effective in increasing the nutrient content of compost.
Effect of Enriched Granular-Compost (EGC) on Nutrient Availability (Incubation Experiment)
The trends of total-N, P-available, and Kexchangable dynamics in soil showed that application of EGC in many dose levels tended to increase total N and P-available at 10 days after incubation (DAI), whereas K-exchangable tended to decrease, except in the application of 2 Mgha -1 EGC (Fig.1 a-c) .EGCapplication had total-N and P-available higher than those in control at approximately 12.5% and 33% at 10 DAI. In general, the highest total-N reached at 10 DAI. It is indicate that rapid nitrification occured before 10 DAI, while other research showed that the rapid nitrification in soil treated with lawn clippings and commercial compost occured between 14 and 28 DAI.
There are two mechanisms that explain the increases of N and P concentration occuring at 10 DAI: 1) the main part of nutrients in EGCwas already in available form, and 2) these fertilizers had C/N ratio< 13, therefore it can be decomposed fast and released the nutrient.In addition, the increases of doses level of EGC significantly (P<0.05) increased the average of total-N in soil for 30 DAI (Figure 1 d-f) . Overall, this research showed that EGCwas suitable to be used in intensive rice farming system to increase nutrient availability in the soil.
Plant Growth
The application of enriched granularcompost (EGC) combined with inorganic fertilizer (IF) gave short and long term available nutrient in soil solution for supporting plant growth. The plots receiving inorganic fertilizer and enriched granular-compost either individually or in combination significantly (P<0.05) affected an increase in plant height, leaf number, number of tillers per hill and shoot biomass. The effect of treatments on plant height occurred after 60 DAT (day after transplanting). Combination of EGC and IF (100% of OD) (F treatment) produced higher plant height than the other treatments at 60 and 90 DAT (Table 1) . Combination 25% of OD of EGC and 75% of OD of IF (B treatment) showed the same effect as the application of inorganic fertilizer alone (A treatment) on plant height (Table 1) . This research also noted that reducing 25%, 50%, and 75% of OD of IF (B, D, E treatments) substituted by EGC indicated the same effect in plant height. The research conducted by Khalid et al. (2003) reported that different level of NPK application affected significance (P<0.05) difference on plant height F Treatment (2 Mg ha -1 EGC + 200 kg ha -1 Urea+ 100 kg ha -1 SP-36 + 100 kg ha -1 KCl) had the highest plant height (74.67 cm) at 60 DAT than the other treatments. Ndaeyo et al. (2008) reported that application of 200 kg ha -1 of NPK (15:15:15) resulted plant height as much as 109.6 cm on 9 th weeks therefore the effect of EGC application on plant height was 31% lower than the results of research by Ndaeyo et al. (2008) .
All treatments showed significance difference (P<0.05) on leaf number at early phase of plant growth, i.e. 15 and 30 DAT. The combination of EGC and IF with the proportion 75%+25% (E treatment) had more number of leaves than the proportion of 100% EGC + 100% IF (treatment F) at 15 DAT (Table 1) . At 30 DAT, B and D treatment, it was shown that more leaf number was apparent than the number of leaves in the other treatments. The plots receiving application of combination of enriched granularcompost and inorganic fertilizer (100% + 100%) (F treatment) had the lowest leaf number.
The application of EGC, IF, and their combination significantly affected tillers per hill at 30, 75 and 90 DAT and biomass at 30 DAT. The highest number of tillers per hill at 90 DAT was found in plots treated with EGC alone (G treatment). It is indicated that EGC positively impacted tillers per hill at 90 DAT because this fertilizer might release nutrient until 90 DAT. Furthermore, the combination of EGC and IF with the proportion of 25% + 75%, respectively (B treatment) resulted in the highest shoot biomass (2.80 g m -2 ) at 30 DAT (Table 1) .
Yield Components
The treatments significantly increased (P<0.05) the number of productive tillers per plant and 1000-grain weight. It indicated that application of fertilizer in this research enhanced nutrients availability in soil particularly in total N and P-available (from 0.15 % to 0.19 % of total N, 4.71 to 5.58 ppm of P-available), while the Kexchangeable in soil in harvesting was lower than it was in the beginning (0.33 me 100 g -1 than 0.52 me 100 g -1 ).
The results of this study on 100-grain weight was consistent with Muhammad (2008) , that application of 30 Mg ha -1 organic manure gave the highest effect to 1000-grain weight (45.26 g) in intensive rice farming system. Furthermore, Siavoshi et al.( 2011) reported that the increase in plant height, number of tillers per hill, spikelet number per panicle, grain yield, and 1000-grain weight in response to application of organic and chemical fertilizers was probably due to the enhancement of nutrient availability. Remarks: HSD= honestly significance difference; different letters in the same column indicate a statistically significant difference (P < 0.05) IF= Inorganic Fertilizer ; EGC= enriched granular-compost
The highest number of productive tillers per plant wasfound in control plots (C treatment) and EGC (G treatment) ( Table 2 ). Although both treatments had the highest panicle per plant compared to inorganic fertilizer or combination of granular enriched-compost and inorganic fertilizer, it cannot be justified whether it was influenced by the different condition of soil fertility or inefficiency of fertilization treatment, since fertilization treatment increased plant growth. Inorganic fertilizer applied singly (A) had the lowest of 1000-grain weight (g) compared to the others. It indicated that integration of EGC and IF was better than inorganic fertilizer alone because inorganic fertilizer released nutrient fast but easily lost.
Inorganic fertilizer treatment (Urea, SP-36, and KCl in doses of 92 kg N ha -1 + 11.35 kg P ha -1 + 41.5 kg K ha -1 , respectively) combined with EGC (79.2 kg N ha -1 + 44.6 kg P ha -1 + 70.2 kg K ha -1 ) in ratio of 1:1 (F treatment) tends to obtain the highest yield (6.13 Mg ha -1 ), but that did not significantly increase the yield compared to the other treatments. The application of inorganic fertilizer without compost (A treatment) produced a similar yield as that with treatments where inorganic fertilizer was reduced and substituted with EGC. Reducing inorganic fertilizers of 25 kg N, 2.8 kg P, and 10.4 kg P (B treatment) did not significantly decrease the yields compared to optimum dose of inorganic fertilizer (A treatment) because those nutrient were substituted with 500 kg ha -1 EGC (Table 2 ). This result means that the application of EGC on rice farming system can reduce inorganic fertilizer application. Gorttappech et al. (2000) explained that combination of enriched compost with chemical fertilizer not only improves the efficiency of the chemical fertilizer but also reduces the use of chemical fertilizers.
The F treatment (1:1 proportion) commonly gave more output than the other fertilization treatments because increasing soil organic matter gave numerous benefits to rice quality, soil, and environment (Singh et al., 2004; Lin et al., 2011) . Kushwaha et al., (1992) reported that the application of 60 kg N ha -1 , 60 kg N ha -1 +40 kg P ha -1 , 60 kg N ha -1 +40 kg P ha -1 +15 kg K ha -1 , and 60 kg N ha -1 +40 kg P ha -1 +15 kg K ha -1 + 25 kg ZnSO4 ha -1 obtain the average grain yield of 3. 16, 3.60, 3.79 and 3.98 Mg ha -1 respectively. Remarks: significance correlation at 5%
Based on coefficient correlation, the productivity of rice was closely related to the number of productive tillers per plant and percent of filled grain (Table 3) . It was similar to the previous research by Siavoshi et al. (2011) showed that the productivity of rice is greatly dependent on the number of productive tiller (tillers which bear panicles) rather than the total number of tillers. This research showed that the highest number of productive panicles was produced by the combined treatment of EGC and inorganic fertilizer.
Substitution of inorganic fertilizer with enriched granular-compost 25-75% from optimum dose had the same effect on the application of inorganic fertilizer alone (Table 2) . It indicated that enriched granular-compost was potential to be applied in intensive rice farming system combined with inorganic fertilizer. Therefore, the excessive application of inorganic fertilizers to produce effective tiller is ineffective if the organic fertilizer can provide nutrients for plants (Miller, 2007; Rakshit et al., 2008) .
Nutrient uptake
At the end of vegetative phase, fertilization treatment affected significance on the total soil N content and N uptake, but soil P and K concentration and uptake by plant were similar. The highest N uptake at the end vegetative phase was observed in plot treated with treatment of A (inorganic fertilizer) (Table 4) . It indicates that the increases of nutrient availability in soil will increase nutrient uptake. Remarks: HSD= honestly significance difference; different letters in the same column indicate a statistically significant difference (P < 0.05) IF= Inorganic Fertilizer ; EGC= enriched granular -compost ns= non significant Based on this study, it is suggested that enriched granular-compost from campus organic waste is potential to increase nutrient availability in soil for supporting plant growth and yields. This fertilizer is predominance because not only does it contain higher nutrients than compost but it also holds organic matters which are beneficial in improving physical and biological of soil quality. From the practical view point, farmers can use the combination of enriched granular-compost and are recommended to reduce the dose of inorganic fertilizer to increase the grain yields as well as to maintain and improve soil fertility.
CONCLUSIONS
The application of enriched granularcompost (EGC) in various level tends to increase total N and P-available at 10 days after incubation in the average value 12.5% and 33% respectively. The combination of EGC and inorganic fertilizer with various compositions significantly affected plant growth and shoot biomass.
The application of EGC alone gave the best effect on number of productive tillers per plant and 1000 grain weight, but the highest rice grain yields (6.13 Mg ha -1 ) was reached by combination between 100% of optimum doses of EGC (2 Mg ha -1 ) and 100% of optimum doses of inorganic fertilizer (200 kg Urea ha -1 , 100 kg SP-36 ha -1 , and 100 kg KCl ha -1 ) (F treatment). The grain yield is closely related to the number of productive tillers per plant and percent of filled grain.
The application of 25-75% of EGC (500-1500 kg ha -1 ) will be potentially reduce 25-75% of inorganic fertilizer doses (50-150 kg Urea ha -1 , 25-75 kg SP-36 ha -1 , and 25-75 kg KCl ha -1 ) for intensive rice farming system.
